Ginzburg-Landau equation and stable solutions in a nontrivial domain(Nonlinear Evolutions Equations and Their Applications) by 神保, 秀一 & 森田, 善久
Title
Ginzburg-Landau equation and stable solutions in a nontrivial
domain(Nonlinear Evolutions Equations and Their
Applications)
Author(s)神保, 秀一; 森田, 善久




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
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– ( )




, $\Omega\subset \mathbb{R}^{n}$ $C^{3}$ , $\lambda>0$ .
$\mathrm{G}\mathrm{L}$ $\Phi$
$A$ ,
1 (1.1) . $\Phi$





? . Jimbo and Morita [15] $\Omega$
.
. ,
non-trivial (1.1) non-constant .
\S 2 $\cdot$
[16] $\Omega$ , $\lambda>0$ non-constant
, , – .
$\Omega\subset \mathbb{R}^{n}$ .
(A) $\theta_{0}$ : $rightarrow S^{1}$ $\vdash$
$\circ$ .
.
1. $\Omega$ (A) . , $\lambda>0$ (1.1)
$\Phi_{\lambda}$ . $\Phi_{\lambda}(x)\neq 0(\forall x\in\Omega)$ ,
$\overline{\Omega}\ni xarrow\Phi_{\lambda}(x)/|\Phi_{\lambda}(X)|\in s^{1}=\{z\in \mathbb{C}||Z|=1\}$
$\theta_{0}$ .
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$n=2$ $n=3$ , (A) , (
) ([21]), .




. h : $\hat{\Omega}arrow\Omega$ .
, $\mathbb{R}$ $S^{1}$ . , $\pi_{1}(\Omega)$ \Omega
.
$\hat{\Omega}\cross\pi_{1}(\Omega)$ : $(Z, \gamma)-z\cdot\gamma\in\hat{\Omega}$ ,
. $\pi_{1}(\Omega)$ $\beta_{1},$ $\ldots,$ $\beta_{m}$
$\beta_{m(}1,i)^{p}(1,i)$ . $\beta_{m()^{p}}2,i(2,i)\ldots\beta m(n(i),i)p(n(i),i)=e$
$(1.\leqq m(j, i)\leqq m,$ $p(j, i)=1$ or $-1,1\leqq j\leqq n(i),$ $n(i)\in \mathrm{N},$ $1\leqq i\leqq k)$







(3.1) $\theta(\iota_{1}(z))=\iota_{2}(\tau(z))$ for $\forall z\in\hat{\Omega}$ .
(cf. 5.3 in [13]). $F$ $\mathrm{x}2\pi$ – . $F$
$\theta$ . – , $F$
.
3.1. $\hat{\Omega}$ $\mathbb{R}$- $F$ $\Omega$ $S^{1}$ $\theta$
, $(l_{1}, \ldots, l_{m})\in \mathbb{Z}^{m}$
$p(1, i)p_{m(1,.)}.+p(2, i)^{p\ldots+p}m(2,i)(n(i), i)\ell(n(i)_{)}i)=0m$ $(1 \leqq i\leqq k)$
(3.2) $F(z\cdot\beta_{i})=F(Z)+2\pi p_{i}$ $(\forall z\in\hat{\Omega}, 1\leqq i\leqq m)$ .
. , $(\ell_{1}, \ldots,P_{m})\in \mathbb{Z}^{m}$ \theta .
69
3.2. $F(z\cdot\beta_{i})=F(z)(Z\in\hat{\Omega})$ $F$ $\Omega$
. , $\rho$ : $\Omegaarrow \mathbb{R}$ , – $\rho(\iota_{1}(z))=F(\mathcal{Z})(Z\in\hat{\Omega})$




B. C) . – (cf. [12])
. .
(3.3) $\mathrm{d}\mathrm{i}\mathrm{v}(\nabla\theta)=0$ in $\Omega$ , $\frac{\partial\theta}{\partial\nu}\equiv\langle\nabla\theta\cdot\nu\rangle=0$ on $\partial\Omega$ .
$\theta$ $S^{1}$ $\nabla\theta$ Rn- well-defined .
.
3.3. $\overline{\Omega}$ $S^{1}$ (3.3) . ,
– .
( 33 ) $\theta_{0}\overline{\Omega}arrow S^{1}$ (3.3)
. $\theta_{0}$ $C^{3}$ . $\hat{\Omega}$
. 31 $\theta,$ $\theta_{0}$ $\theta\theta_{0}\wedge,\wedge$ $\hat{\Omega}$ $\mathbb{R}$
(3.2) $(p_{1}, \ldots,\ell_{m})\in \mathbb{Z}^{m}$ .
(3.4) $\{$
$\mathrm{d}\mathrm{i}\mathrm{v}_{z}(\nabla_{z}\theta)\wedge=0$ in $\hat{\Omega}$ , $\frac{\partial\theta\wedge}{\partial\nu_{z}}=0$ on $\partial\hat{\Omega}$ ,
with $\xi(z\cdot\beta_{i})=\xi(z)+2\pi P$: for $\forall z.\in\hat{\Omega}$ and $1\leqq i\leqq m$ .
. , $\xi=\theta-\theta 0\wedge\wedge$
(3.5) $\{$
$\mathrm{d}\mathrm{i}\mathrm{v}_{z}(\nabla_{z}\xi)=-\mathrm{d}\mathrm{i}\mathrm{v}(\nabla\theta 0)\wedge$ in $\hat{\Omega}$ , $\frac{\partial\xi}{\partial\nu_{z}}=-\frac{\partial\theta_{0}\wedge}{\partial\nu_{z}}$ on $\partial\hat{\Omega}$ ,
with $\xi(z\cdot\beta\cdot)=\xi(z)$ for $\forall z\in\hat{\Omega}$ and $1\leqq i\leqq m$ .
, 32 $\xi$ $\Omega$ . , $\Omega$
, .
.






(4.1) $-\triangle U+\lambda U=f$ in $\Omega$ , $\frac{\partial U}{\partial\nu}=0$ on $\partial\Omega$ ,
, $\lambda>0$ . $\alpha\in(0,1)$ . $f\in C^{\alpha}(\overline{\Omega})$ , $\lambda>0$ ,
(4.1) $U_{\lambda}\in c^{2+\alpha}(\overline{\Omega})$ – , .
4.1 (Campanato [6]). $K>0$ (independent of $\lambda>0$ )




$w.:\Omegaarrow(0, \infty)$ , $\theta:\Omegaarrow S^{1}=\mathbb{R}/2\pi \mathbb{Z}$ .
(2.1) $w,$ $\theta$ .
(4.4) $\{$
$\triangle w+(\lambda(1-w2)-|\nabla\theta|2)w=0$ in $\Omega$ ,
$\frac{\partial w}{\partial\nu}=0$ on $\partial\Omega$ ,
(4.5) $\mathrm{d}\mathrm{i}\mathrm{v}(w^{2}\nabla\theta)=0$ in $\Omega$ , $\frac{\partial\theta}{\partial\nu}\equiv(\nabla\theta\cdot\nu)=0$ on $\partial\Omega$ .
$\nabla\theta$ $\Omega$ $\mathbb{R}^{n}$ - well-defined . $(4.4)-(4.5)$
.
4.2. $\lambda_{*}>0$ $(4.4)-(4.5)$ $\lambda>\lambda_{*}$ $(w_{\lambda}, \theta_{\lambda})$ .
$\theta_{\lambda}$ $\theta_{0}$ . ,
(4.6) $1- \frac{c}{\lambda}\leqq w_{\lambda}\leqq 1$ in $\Omega$ ,





, $\theta$ (4.4) $w$ . $w$ $\theta_{0}$
(4.5) $\theta\sim$ . , .
( 42 )
(Step 1:) $\theta_{0}$ : $\overline{\Omega}arrow S^{1}$ $C^{3}$ . $P\in\Omega$
$q\in S^{1}$ . 3.1 $\theta_{*}$ : $\Omegaarrow S^{1}$ (Neumann $\mathrm{B}.\mathrm{C}.$ )
$\theta_{*}(p)=q$ – . , $P\wedge\in\ovalbox{\tt\small REJECT},$ $q\wedge\in\overline{S^{1}}=\mathbb{R}\text{ }\ovalbox{\tt\small REJECT}\iota_{1}(p)\wedge=p,$ $\iota_{2}(q)\wedge=q$
. , $\theta$ : $\Omegaarrow S^{1}$ $\theta(p)=q$ – $\theta:\hat{\Omega}\wedgearrow \mathbb{R}$ $\theta(p)\wedge=q\wedge\wedge$
. , .
$E=$ { $\theta\in C^{1+\alpha}(\overline{\Omega}\cdot,S^{1})|\theta(p)=q,$ $\theta$ is homotopic to $\theta_{*},$ $d(\theta,$ $\theta_{*})\leqq 1$ },
,
$d(\theta_{1}, \theta 2)=||\text{ _{}1}-\theta_{2}||_{c}\wedge 1+\alpha(\overline{\Omega})$
’
$\theta_{1},$ $\theta_{2}\in C^{1+\alpha}(\overline{\Omega}\cdot, S1),$ $\theta_{i}$ $\theta_{*}$ $\theta_{i}(p)=q(i=1,2)$ .
$\theta_{1}\wedge-\theta_{2}\wedge$ $\Omega$ (cf. 32). $E$
, , . ,
.
$\{\rho\in c^{1+\alpha}(\overline{\Omega})|\rho(p)=0, ||\rho||_{c(}1+\alpha\overline{\Omega}) \leqq 1\}$ .
(Step 2:) Upper-lower solutions $\theta\in E$ (4.4) –
. $\lambda_{0}>0$ (4.4) $w=w(\lambda, \theta)$
$(\lambda\geqq\lambda_{0})$ . .
(4.9) $1-c/\lambda\leqq w(\lambda, \theta;x)\leqq 1$ $(x\in\Omega)$ ,
$c$
$\lambda$ $\theta\in E$ . , .
$\sup\sup\sup|\lambda(1-w(\lambda, \theta;x)^{2})w(\lambda, \theta;X)-|\nabla\theta|^{2}w(\lambda, \theta;x)|<+\infty$ .
$\lambda\geqq\lambda_{0}\theta\epsilon Ex\in\Omega$
Schauder $\{w(\lambda, \theta)\}_{\lambda>}\lambda 0,\theta\in E$ $c^{1+\alpha}(\overline{\Omega})$ .
. $g$ $w(\lambda, \theta;x)=1-g(\lambda, \theta;X=)/\lambda$ .
(4.10) $\{$
$(2- \frac{1}{\lambda}\triangle)g+(w+2)(w-1)g-|\nabla\theta|^{2}w=0$ in $\Omega$ ,





. $\lambda\geqq\lambda_{1}(\epsilon)$ $\epsilon>0$ . $\epsilon>0$ $0<c_{1}\epsilon\leqq 1/2$ ,
. , 4 $>0$
(4.11) $||g(\lambda, \theta)||c\alpha(\overline{\Omega})=\lambda||w(\lambda, \theta)-1||_{C^{\alpha}(}\overline{\Omega})\leqq c_{4}$
$(\lambda\geqq\lambda_{1}, \theta\in E)$ . , $c_{5}>0$
$||\lambda w(\lambda, \theta)(1-w(\lambda, \theta)^{2})-|\nabla\theta|^{2}w(\lambda, \theta)||c\alpha(\overline{\Omega})\leqq\text{ _{}5}$ $(\lambda\geqq\lambda_{1}, \theta\in E)$ ,
. Schauder $||w(\lambda, \theta)||c2+\alpha(\overline{\Omega})$ $\theta\in E,$ $\lambda\geqq\lambda_{1}$
– . $c^{2+\alpha}(\overline{\Omega})-C^{2}(\overline{\Omega})$ ,
.
(4.12) $\lim\sup||w(\lambda, \theta)-1||_{C^{2}(}\overline{\Omega})=0$ .
$\lambdaarrow\infty_{\theta\in E}$
(Step 3:) $w=w(\lambda, \theta)$ (4.5) . $\theta\sim\theta_{0}$ (
) $\theta(p)=q$ $\theta$ \S 3 . (4.5)
$\mathbb{R}$ ( $\hat{\Omega}$ )
(4.13) $\mathrm{d}\mathrm{i}\mathrm{v}_{z}(w(\iota_{1}(Z))2\nabla_{z}\theta)\wedge=0$ in $\hat{\Omega}$ , $\frac{\partial\theta\wedge}{\partial\nu_{z}}=0$ . on $\partial\hat{\Omega}$ .
$\eta’=\ovalbox{\tt\small REJECT}-\theta_{0}\wedge$
$\eta’$
$\mathrm{d}\mathrm{i}\mathrm{v}z(w(\iota 1(z))^{2}\nabla_{z}\eta)\wedge=-\mathrm{d}\mathrm{i}\mathrm{v}_{z}(w(\iota 1(Z))2\nabla_{z}\theta_{0})\wedge$ In
$\hat{\Omega}$ , $\frac{\partial\eta\wedge}{\partial\nu_{z}}=-\frac{\partial\theta_{0}\wedge}{\partial\nu_{z}}$ on $\partial\hat{\Omega}$ ,
. $\theta\sim\theta 0$ 3.1, 32
$\eta’=\ovalbox{\tt\small REJECT}-\theta_{0}\wedge$ $\Omega$ $\mathbb{R}$- $\eta’(z)=\eta(\iota_{1}(z))$
.
(4.14) $\mathrm{d}\mathrm{i}\mathrm{v}(w^{2}\nabla\eta).=-\mathrm{d}\mathrm{i}\mathrm{v}(w^{2}.\nabla\theta_{0})$ in $\Omega$ , $\frac{\partial\eta}{\partial\nu}=-\frac{\partial\theta_{0}}{\partial\nu}$ on $\partial\Omega$ ,
$.d$ $i$ $.\epsilon$
. (4.14) $\eta(p)=q-\wedge\theta_{0}$ ( – . $\theta(z)\wedge=$
$\theta_{0}\wedge+\eta(\iota_{1}(Z))$ . $\theta\sim$ . $\Psi_{\lambda}(\theta)$ .
(Step 4:) $\Psi_{\lambda}$ : $Earrow E$
, . Schauder
$\theta_{\lambda}$ $E$ $(4.4)-(4.5)$ $(w_{\lambda}, \theta_{\lambda})$ . (4.6), (4.7),
(4.8) (4.9), (4.12), (4.5) . .
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\S 5. $\Phi_{\lambda}=w_{\lambda}e:\theta x$
. $\Phi_{\lambda}$ ,
. $\Phi_{\lambda}(x)=u_{\lambda(X)}+v_{\lambda}(x)i$ $(u_{\lambda}, v_{\lambda})$ ,
.
(5.1) $\{$
$\Delta+\lambda(1-u^{2}-v)2=$ in $\Omega$ ,
$\frac{\partial}{\partial\nu}=$ on $\partial\Omega$ .
$\Phi_{\lambda}=(u_{\lambda}, v_{\lambda})$ ,
(5.2) $\{$
$\Delta+\lambda M(u_{\lambda}, v_{\lambda})+\mu=$ in $\Omega$ ,
$\frac{\partial}{\partial\nu}=$ on $\partial\Omega$ ,
(5.3) $M(u, v)=$ ,
. (5.2) .
5.1. $\{\mu k(\lambda)\}^{\infty}k=1$ (5.2) . ,
. .
$(u_{\lambda}, vx)$ , ${}^{t}(-v_{\lambda}, u_{\lambda})$ (5.2) $0$




(5.4) hhm $\mu_{k}(\lambda)=\mu_{k}$ $(k\geqq 1)$ ,
$\lambdaarrow\infty$
, $\{\mu_{k}\}_{k=1}^{\infty}$ $-\triangle$ (Neumann $\mathrm{B}.\mathrm{C}.$ ) .
(5.5) $\{$
$\Delta\psi+\mu\psi_{=}\mathrm{o}$ in $\Omega$ ,
$\frac{\partial\psi}{\partial\nu}=0$ on $\partial\Omega$ .








(5.7) $\mu_{1}(\lambda)\equiv 0$, $\mu_{2}(\lambda)\geqq d$ for $\lambda\geqq\lambda_{*}$ ,
.








$(\phi\hat{\psi})\wedge$, $(\phi, \psi)$ .




(5.9) $\{\mu_{k}(\lambda)\}_{k1}^{\infty}=$ (5.5) $\{\mu_{k}\}_{k=1}^{\infty}$
. $(\phi 0,\lambda, \psi 0,\lambda)=(0,0),$ $\psi_{0=}0$ .
(5.12) $\mu_{k}(\lambda)=\min\{\mathcal{E}_{\lambda}(\emptyset, \psi);(\emptyset, \psi)\in Ek(\lambda), ||\phi||2|L2+|\psi||^{2}L2=1\}$
75
,$E_{k}( \lambda)=\{(\phi, \psi)\in H^{1}(\Omega)\cross H^{1}(\Omega);\int_{\Omega}(\emptyset\phi t,\lambda+\psi\psi l,\lambda)d_{X}=0,0\leqq^{p\leqq k-}1\}$.
$(\phi_{k,\lambda}, \psi_{k,\lambda})$ (5.12) minimizer .
(5.13) $\mu_{k}=\min\{\mathcal{E}_{\infty}(\psi);\psi\in E_{k}(\infty), ||\psi||_{L^{2}}=1\}$ ,
,
$E_{k}( \infty)=\{\psi\in H1(\Omega);\int_{\Omega}\psi\psi_{\ell d_{X=}}\mathrm{o}, 0\leqq p\leqq k-1\}$ .
$\psi_{k}$ (5.13) minimizer .
$\mu_{k}(\lambda)$ $\lambdaarrow\infty$ .
(5.14) $\lim_{\lambdaarrow}\inf_{\infty}\mu k(\lambda)>-\infty$ for $k\geqq 1$ ,
. $4.2-(4.7)$ $||\nabla\theta\lambda||L\infty(\Omega)$
, $c>0$
$|\nabla\theta_{\lambda}\cdot\nabla\psi_{k,\lambda}\emptyset k,\lambda-\nabla\theta\lambda$ . $\nabla\phi k,\lambda\psi_{k,\lambda}|$
$\leqq\frac{1}{2}(|\nabla\phi k,\lambda|^{2}+|\nabla\psi_{k,\lambda}|2)+c(\emptyset_{k}2,\psi 2\lambda^{+}k,\lambda)$ ,
(5.15) $\mu_{k}(\lambda)=\epsilon_{\lambda(\phi\lambda}k,,$ $\psi_{k},\lambda)\geqq\frac{1}{2}\int_{\Omega}(|\nabla\phi k,\lambda|^{2}+|\nabla\psi_{k},\lambda|^{2})dX$
$-c’ \int_{\Omega}(\phi_{k,\lambda^{+}}^{2}\psi_{k,\lambda}^{2})d_{X}+2\lambda\int_{\Omega}\phi_{k,\lambda}^{2}dx$ $(k\geqq 1)$ .
, $||\phi_{k,\lambda}||2L2(\Omega)+||\psi_{k,\lambda}||^{2}L2(\Omega)=1$ .
$\lim_{\lambdaarrow\infty}\mu_{k}(\lambda)=\mu_{k}$ for $k=1,2,3,$ $\ldots$ . , $k=1,2$













(5.17) $\lim_{\lambdaarrow}\sup_{\infty}\int_{\Omega}(|\nabla\phi_{1,\lambda}|^{2}+|\nabla\psi_{1,\lambda}|2)dX<\infty$ , $\lim_{\lambdaarrow}\sup_{\infty}\lambda\int_{\Omega}\phi_{1,\lambda}^{2}dX<\infty$ .
$k=1$ .
3.
(5.18) $\lim_{\lambdaarrow\infty}\mu 1(\lambda)=\mu_{1}$ , $\lim_{\lambdaarrow\infty}\int_{\Omega}(|\nabla\phi 1,\lambda|^{2}+\lambda\phi_{1,\lambda}^{2})dx=0$ .
( 3 )
$+\infty$ $\{\lambda_{m}\}_{m=1}^{\infty}$ . (5.14) 1 $|\mu_{1}(\lambda)|$
2 , $\{\eta_{m}\}\subset\{\lambda_{m}\}$ $\psi_{1}’\in H^{1}(\Omega)$
(5.19) $\{$
Jim $\mu_{1}(\eta_{m})\equiv\exists\mu$ $(\leqq\mu_{1})$ ,
$marrow\infty$




$\int_{\Omega}.\{|\nabla\phi_{1,\lambda}|2|\nabla\psi_{1},\lambda|^{2}++$ $(\nabla\theta_{\lambda} . \nabla\psi_{1,\lambda})\phi.1,\lambda-(\nabla\theta\lambda . \nabla\phi_{1,\lambda})\psi 1,\lambda$
$-(\lambda(1-w^{2}\lambda)-|\nabla\theta_{\lambda}|2)(\emptyset_{1}2,+^{\psi_{1}^{2},)}\lambda\lambda+2\lambda w^{2}\lambda\phi_{1}^{2},\lambda\}dx$ .
42, (5.19),
(5.21) $(\mu_{1}\geqq)$ . $\mu=\lim_{marrow\infty}\mu_{1}(\eta m)=\lim_{marrow\infty}\mathcal{E}(\eta m\emptyset 1,\eta_{m}’\psi_{1,\eta}m)$
$= \lim_{marrow}\sup_{\infty}\int_{\Omega}\{|\nabla\emptyset 1,\eta m|2|\nabla\psi 1,\eta m|^{2}+2\eta mw^{2}+\eta_{m}\emptyset_{1,\eta_{m}}^{2}\}dX$




$||\psi_{1}’||_{L^{2}(\Omega)}=1,$ $(5.13)$ $\mathcal{E}_{\infty}(\psi)\geqq\mu_{1}$ . – (5.21)
$\mathcal{E}_{\infty}(\psi_{1}’)=\mu=\mu_{1}=\lim_{marrow\infty}\mu_{1}(\eta_{m})$
, $\psi_{1}’$ $\mu_{1}$ (5.5) . (5.21)
–
$\lim_{marrow\infty}\eta_{m}\int_{\Omega}\emptyset_{1,\eta_{m}}^{2}dX=.0$ , $\lim_{marrow\infty}\int_{\Omega}|\nabla\phi 1,\eta_{m}|2dX=0$ .






$+\infty$ $\{\lambda_{m}\}$ . $\{\eta_{m}\}$ (5.5) 1
$\psi_{1}’$
(5.23) $\lim_{marrow\infty}\psi_{1,\eta}m=\psi_{1}’$ weakly in $H^{1}(\Omega)$ and strongly in $L^{2}(\Omega)$ ,
. $\psi\in L.h.1\psi 1,$ $\psi_{2}$ ] $\equiv\{a\psi_{1}+b\psi_{2}|a, b\in \mathbb{R}\}$
(5.24) $||\psi||_{L^{2}()}\Omega=1$ , $(\psi, \psi’1)_{L^{2}}(\Omega)=0$ ,
.
$=-(\psi\cdot\psi_{1,\lambda})_{L^{2}}$ ,
. $\lim_{marrow\infty}(\psi, \psi_{1,\eta_{m}})_{L^{2}\mathrm{t}\Omega)}=0$ $\mathcal{E}_{\infty}(\psi)\leqq\mu_{2}$ , . (5.12) ,
$\mu_{2}(\eta_{m})\leqq \mathcal{E}_{\eta_{m}}(\phi_{\eta_{m}}^{\prime,\psi’)}\eta m(||\phi\iota\eta_{m}/||_{L^{2}}2+||\psi i\eta m||_{L}^{2}2)$ ,
. $(5.23),(5.24),$ $(5.18)$ ,
$\mathcal{E}_{\eta_{m}}(\phi_{\eta_{m}}^{\prime,\psi_{\eta_{m}})\leqq}’\int_{\Omega}|\nabla\psi|^{2}dX+o(1)\leqq\mu_{2}+o(1)$ as $marrow\infty$
$||\phi_{\eta_{m}}’||2+L2||\psi’\eta_{m}||_{L}^{2}2=||\psi_{1}’||L^{2}=1+o(1)$ as $marrow\infty$ .
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, $\lim\sup_{marrow\infty}\mu_{2}(\eta m)\leqq\mu_{2}$ . , $\{\lambda_{m}\}(\uparrow\infty)$ (5.22) .
(5.15), 1 42 .
2.
(5.25) $\lim_{\lambdaarrow}\sup_{\infty}\int_{\Omega}(|\nabla\phi 2,\lambda|^{2}+|\nabla\psi 2,\lambda|2)dx<\infty$, $\lim_{\lambdaarrow}\sup_{\infty}\lambda\int_{\Omega}\phi_{2,\lambda}^{2}dX<\infty$ .
$k=2$ .
3.
(5.26) $\lim_{\lambdaarrow\infty}\mu_{2}(\lambda)=\mu_{2}$ , $\lim_{\lambdaarrow\infty}\int_{\Omega}(|\nabla\phi 2,\lambda|^{2}+\lambda\phi_{2}^{2},\lambda)dx=0$ .
( 3 )
$+\infty$ $\{\lambda_{m}\}$ . 1, 2 $k=1$ , $\{\eta_{m}\}\subset\{\lambda_{m}\}$
(5.5) 1 $\psi_{1}’$ , $\psi_{2}’\in H^{1}(\Omega)$
(5.27)
. 42 (5.27)
(5.28) $(\mu_{2}\geqq)$ $\mu=\lim_{marrow\infty}\mu_{2(}\eta_{m})=\lim \mathcal{E}_{\eta}marrow\infty m(\phi 2,\eta_{m}’\psi_{2,\eta}m)$
$= \lim_{marrow}\sup_{\infty}\int_{\Omega}\{|\nabla\phi_{2},\eta_{m}|2|\nabla\psi_{2,\eta}m|2+2\eta_{m}w+\phi^{2}\eta m1,\eta m\}2d_{X}$




$(\phi_{2,\eta_{m}}, \phi 1,\eta_{m})L2+(\psi_{2,\eta_{m}}, \psi_{1},\eta_{m})_{L}2=0$, $||\phi_{2,\eta_{m}}||L2+||\psi_{2},\eta m||_{L}2--1$,




, $\psi_{2}’$ (5.5) 2 .
(5.30) $\lim_{marrow\infty}\int_{\Omega}(|\nabla\phi_{2},\eta_{m}|2\emptyset 2,\eta_{m})2dx+\eta m=0$ ,
. $\{\lambda_{m}\}_{m=1}^{\infty}$ (5.26) . $k=2$ .
$k\geqq 3$ .
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